The advantages of the cathode ray tube as an electrical recording instrument are unique. It has no inherent inertia, so that there is no distortion from this source as there is in every known electro-mechanical recorder. The workings of the cathode ray oscillograph are explained and discussed. Immediate visual observation of the electrocardiogram is obtained by the use of a new fluorescent screen, which is described, and the mechanism of a suitable " time base " circuit for this purpose is explained. Some of the problems associated with the design of an amplifier, distortionless as far as electrocardiography is concerned, are dealt with, including the use of long "time constants " and the employment of a suitable filter circuit. The design of a suitable camera unit (for photographic recording) is discussed. A method of neutralizing interference picked up from alternating current electric light mains is explained and illustrated.
THE Cathode Ray Oscillograph is an instrument which is only now beginning to be used as an electric recording device to an extent which its intrinsic merits deserve. Braun (1897) was the first to design and use a cathode ray tube. Wehnelt (1905) , van der Bijl and Johnson (1920-21) , and von Ardenne (1930) have also made important contributions to the production of the cathode ray oscillograph as it is now known. During the last two years the research staff of A. C. Cossor, Ltd., have made additional progress towards the perfection of the cathode ray tube, and the Cossor C.R.O., which is used as the recording device in the present electrocardiograph is generally acknowledged to be the best cathode ray tube at present available. And particularly valuable to the design of this oscillograph have been the contributions of Mr. L. H. Bedford, with whom it has been my privilege and pleasure to work as the co-designer of the present electrocardiograpb.
In bio-electric work the first, so far as I am aware, to use the C.R.O., were Gasser and Erlanger (1922) , who used the Western Electric tube (designed by Johnson) for the study of nerve action potentials. Rijlant (1931) has studied the electrocardiogram by its means, using the von Ardenne C.R.O.; but it appears, as pointed out by Matthews (1933) , that his amplifier system was probably defective, for his curves do not conform to the correct shape.
The electrocardiograph which I am privileged to show you this afternoon possesses a number of original features, which, it is hoped, will make it not only an instrument suited for the exact measurements necessary for research work, but also an instrument whose practical character will appeal to those who require an electrocardiograph as a practical diagnostic instrument. Chief of these features is perhaps the long afterglow fluorescent screen, which enables the electrocardiogram to be examined directly by the patient's bedside without having to wait for the development of photographic material. The instrument is also remarkably robust and reliable; it will stand at least as much bumping about as a portable wireless set, and, as it has no delicately balanced mechanical part, it is not easily damaged and can be relied upon to work in all contingencies. With it the electrocardiogram can easily be made any size that is considered desirable, without distortion, and it can be observed for as long a period as is considered desirable. In spite of this, the apparatus is completely portable, and can be worked off any electric light mains.
The apparatus (see figs. 1 and 2) consists essentially of the special cathode ray tube with its accessory controls, and a suitable amplifier with which are grouped certain of the oscillograph circuit arrangements and a 'time base" circuit to give a uniform horizontal traverse to the oscillograph spot, for use when the Cardiograph is employed for direct visual observation of the electrocardiogram. In addition, there must be a source of comparatively high voltage-in this case 800 volts-which is necessary for the C.R.O. Although this source of high potential is essential, the amount of current taken from it is very small, and it is arranged that it shall be given by an " eliminator " to work from alternating current electric mains, or by a small rotary converter to work either from a 12 v. accumulator, or, by means of a resistance adapter, from direct current electric mains.
I.-THE CATHODE RAY OSCILLOGRAPH
The mechanism of the cathode ray oscillograph is as follows. The cathode consists of a filament at the top of the arch of which is a small blob of metallic oxide, which has high electron emitting properties when the filament is heated by the passage of a current from a 2-volt accumulator. The electrons emitted from the blob of oxide on the filament are concentrated by means of the negative bias applied to a small cylinder, known as the Wohnelt cylinder, which surrounds the filament. It will be remembered that the electron carries a negative electric charge; it is, in fact, now taken as the unit negative element of electricity. The electrons are sucked at high velocity through a hole in a plate which is charged positively. This R-CO -D r fJ J I plate is known as the "gun." The electron pencil then passes down the cathode ray tube and finally impinges on a fluorescent screen at the end of the tube, where it appears as the oscillograph " spot." It will be readily appreciated that the cathode ray during its passage down the tube must tend to disperse, since each of its component electrons will repel its neighbour by reason of the negative charge carried by each, and consequently there could be no accurate focus of the spot on the fluorescent screen. It is therefore arranged that the cathode ray tube is filled at low pressure (of the order of 10-2 mm. Hg) with a small amount of inert gas, usually helium. During the passage of the cathode ray through this gas a certain amount of ionization of the gas takes place, with the production of some positive ions. These positive ions, being comparatively slow-moving, create a positive charge along the beam, and so, by attracting the electrons, keep the beam concentrated. An exact combination of the gas pressure and the filament current, which determines the rate of production of the electrons, together with the negative bias applied to the Wehnelt cylinder, determine an accurate focus of the spot. In practice, the gas pressure is predetermined by the manufacturers, so that the filament current and bias voltage remain as the two necessary controls for an accurate focus.
In the immediate neighbourhood of the gun are located two pairs of plates, each pair set at a right angle to the other pair. These plates are conventionally known as the Px plates affecting the horizontal_traverse of the spot, and the Py plates affecting the vertical traverse of the spot. If one of a pair of these plates is charged positively relative to the gun, and the other of the pair relatively negatively, the cathode ray is bent towards the more positive plate. The total voltage variation of a plate to allow a complete sweep of the spot across the oscillograph screen varies with the gun voltage. In the case of the Cardiograph arrangement this voltage variation for a complete sweep of the screen is about 160 volts. This gives an indication of the amount of amplification to be arranged for when the tube is to be used for electrocardiography (see Section III).
It will be realized that, as the electron has no appreciable mass, there cannot be any distortion in the C.R.O. by reason of inherent inertia, and it must, for this reason alone, be immeasurably superior to any electro-mechanical recorder. Even the "string" of the familiar string galvanometer has considerable mass when compared to the electron, and therefore any quickly occurring component of the electrocardiogram-such, for instance, as a split QRS compleXmay not be correctly followed by the string, owing to the inertia present due to its mass, and is distorted. In the case of most portable electrocardiographs the tendency to distortion by reason of inertia of the moving part is considerably greater even than the string galvanometer. In general, a certain mass is inevitable for the sake of robustness, so that the moving part of the galvanometer system is not too easily put out of adjustment by the stresses which must occur in a portable instrument, and there must therefore always be a certain error in them due to this mass. The cathode ray tube possesses none of these disadvantages. It is remarkably robust, and its moving part has no inertia. The C.R.O. does, without exaggeration, really illustrate the " dynamics of a particle," and cannot be compared to any mechanical oscillograph, since it is not the limiting case of a mechanical oscillograph of diminishing inertia. "The mechanical oscillograph gives an instantaneous deflection set by the balance between a deflecting and a restoring elastic force; the electron-jet 1 oscillograph has no restoring forces. and the instantaneous deflection represents simply the transverse distance travelled by an electron under the whole transverse accelerating field or fields in the time allowed by its forward velocity, for travelling the axial distance between entry into the field and impact on the screen" [2] . There is, however, one distortion which is present in the gas-filled C.R.O. which is known as " origin distortion." Although it is true that the movement of the spot on the fluorescent screen is a linear function of the potential difference between a pair of deflecting plates over nearly the whole of its sweep, nevertheless, as the voltage difference between the plates changes sign-from positive to negative, or vice versa-that is, when the potential difference between them is about 2 to 6 volts, the movement of the spot lags behind the deflecting plate voltage, and there is correspondingly a momentary check to the sweep of an evenly moving spot, corresponding to the " origin " of the cathode ray tube. This origin distortion in the case of the vertical, or Y, plates might have been a source of some slight error in the electrocardiogram, but it has been surmounted by a recent invention in which one of the pair of deflecting plates is divided and the new plate so used that the origin comes beyond the confines of the fluorescent screen. This new arrangement can be adapted to the cardiograph circuit, and electrocardiograms produced with it are therefore free from origin distortion.
One further big practical advantage which the cathode ray tube has over all electro-mechanical recorders is that it is reasonably impossible to damage it by an overload voltage. One is therefore free from the bugbear of broken strings, or other such disadvantages. The worst that can happen is that the cathode ray may leave the confines of the fluorescent screen and become temporarily lost to view.
Before leaving the cathode ray oscillograph itself a few words should be said about the fluorescent screen. Up till quite recently the material composing the screen at the end of the tube could not be arranged to give more than a fraction of a second's afterglow, so that no possibility existed for using the C.R.O. to observe visually comparatively slowly occurring electrical phenomena such as the electrocardiogram. At the time (March 1933) when work was begun on the present cardiograph, Messrs. Cossor had just succeeded in producing a C.R.O. possessing a fluorescent screen of zinc phosphate, which gives a red afterglow of about a quarter of a second's duration. This was found to give hardly sufficient time for the eye to appreciate the electrocardiographic curve before it faded. However, during the course of our work a special form of zinc sulphide, possessing a green afterglow of several seconds' duration, has been produced by Dr. Leonard Levy. The research staff of Messrs. Cossor have been able to incorporate this substance in the oscillograph screen, and it has been found to be ideal for the purpose of visual electrocardiography. This material has the added advantage of a brilliant blue immediate response, which is sufficiently actinic to allow good photographic recording. This is the material which is used for the screen of the Cossor " Type G"
The "time-base" circuit, which gives a uniform horizontal traverse to the spot, is arranged in the following manner. A condenser (C) is charged gradually through a resistance (R). Across the condenser is connected a Neon discharge tube. The curve relating the potential difference between the condenser plates to time is shown in fig. 3 , and is in fact given by the expression 
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When the potential difference between the plates of the condenser reaches a certain value, the Neon discharge tube breaks down, and the condenser discharges itself across it. This potential difference is known as the " striking voltage" of the Neon tube. The condenser stops discharging at the "breaking voltage" of the tube, which is a long way short of zero voltage. We have, therefore, a slow charge, which is not quite linear, but is nearly enough so for visual work, and a quick discharge, giving rise in their consecution to the so-called "saw-tooth" voltage. Each side of the condenser is connected in effect to one of the horizontal, or Px plates, so that the oscillograph spot is drawn at a nearly uniform rate horizontally across the screen during the charging of the condenser, and undergoes an extremely rapid, and therefore invisible, flyback when the condenser is discharged across the Neon tube. The value of the resistance R determines the rate at which the condenser is charged, and therefore the speed of the horizontal traverse of the spot. It is an easy matter to arrange a variable resistance, and therefore to give a velocity of traverse to the spot which is directly under control. The diagram ( fig. 4 ) also serves to recapitulate the arrangements for the oscillograph itself; it shows the filament current controls, the Wehnelt cylinder bias potentiometer which is arranged to carry the return space current between gun and filament and so that the spot can be completely de-focused if desired, the " gun" fed from a potentiometer arrangement of resistances, as well as the connexions of the time-base circuit. It also shows the "X shift " potentiometer which is used to centre the spot so that its traverse lies evenly across the oscillograph screen. In the diagram the Y plates are shown connected to the gun, so that the spot is centralized as far as its vertical deflections are concerned. In the Cardiograph circuit the Y plates are connected, the one to a similar potentiometer, forming the "Y shift," which is used to centralize the spot in the vertical direction, and the other to the output of the amplifier.
III.-AMPLIFIER
Ideally, for such slowly occurring changes of electrical potential as constitute the electrocardiogram, a direct current coupled amplifier appears necessary, but on the other hand a resistance capacity coupled amplifier presents many advantages provided certain criteria can be fulfilled. Perhaps the most important practical advantage of the R.C.C. amplifier over the D.C. coupled amplifier, as far as electrocardiography is concerned, is that any compensation for skin currents becomes unnecessary, it being only necessary to wait for a short time for the amplifier to settle to a normal iso-electric level between each change of lead.
The actual amount of amplification to be carried out by the amplifier is apparent from the following considerations. It is desirable that there shall be plenty of amplification in hand so that the electrocardiogram can be made any size that is considered necessary, and so that a reasonable falling off in battery voltage will not matter. It has therefore been arranged that one millivolt input shall show, at maximum gain, as about 6 cm. movement of the spot on the screen, which (see section on Cathode Ray Oscillograph) is equivalent to about 80 volts potential difference between the deflecting plates. The gain of the amplifier at maximum is therefore about 80,000 times. The "gain control" is arranged so that the amplification can be varied at will, from zero smoothly up to this maximum amount. For visual electrocardiography it will usually be found convenient to work at a gain which gives 2 cm. excursion of the spot on the screen per millivolt, representing twice the standard size of electrocardiogram.
(1).-The coupling time constants.-The most important criterion which an on adequate R.C.C. amplifier must satisfy is that the coupling "Time Constants" 1 shall be of such size that there is no appreciable distortion of the slowest component of the electrocardiogram, namely the T wave.
On the other hand, a very long time constalnt, although minimizing the distortion, will have its disadvantages in determining a very long settling period for the amplifier, particularly after any large change of potential, such as change of lead. The time constant of four seconds has been chosen as determining a fairly short settling period without appreciable distortion. That there is no appreciable distortion is evident in comparing the curves shown; doubling the time constant (to eight seconds) makes an inappreciable difference to the electrocardiogram (see fig. 5 ). (2). The filter. The use of such long time constants for the amplifier presents certain electrical difficulties. The cbief of these is that the valves may become what is known as " blocked." In this condition the grid of the valve has become over-saturated with trains of waves at high frequency so that the valve has run into grid current. The large time constant does not allow sufficient time for these unwanted frequencies to leak away to earth through the grid leak, and the " blocking" occurs. It is therefore essential to protect the grids of the valves, particularly the first valve of the amplifier, from high-frequency disturbances. Formerly, this was always done by careful shielding of the amplifier and its associated leads [151, and has never been wholly satisfactory. In electrocardiography far more high-frequency mush will be picked up by the patient himself than by the 1 The term " Time Constant " requires a few words of explanation for those not versed in electricity. The valves of a resistance capacity coupled amplifier are coupled together through condensers which serve to insulate the grid of the second valve from the high potential D.C. necessary for the supply of the anode of the first valve. And, in order that the grid of the second valve shall be kept at a constant mean potential, a grid leak resistance is connected between it and the filament. This condenser and leak resistance are therefore in series, and obviously the larger the resistance the longer will a given charge take to leak away through the condenser. Alternatively, the larger the condenser the longer the time, for in this case there is a greater quantity of electricity to leak away.
Suppose that the condenser is charged instantaneously to a certain voltage E, which begins immediately to leak away through the resistance R (in ohms). Let C be the capacity of the condenser (in farads). Let the voltage across the condenser at the end of a time t (seconds) be denoted by e. The time constant is therefore defined as the time taken for the condenser to lose 63.2% of its initial charge.
In the case of our amplifier, in which there are three such connecting stages, two intervalve and the last between the output valve and the C.R.O., eaoh of time constant 4 seconds, the case is more complicated. Bedford 14) have shown that, at the low frequency end of such an amplifier the approximate time constant of the whole amplifier is given by the expression T = n, where t is the time constant of each stage and n is the number of stages. In the case of the Cardiograph amplifier t 4 seconds and n = 3, so that the time constant of the whole amplifier is 1-33 seconds. apparatus, so that it would be necessary to surround him completely with an earthed metal cage, which is obviously an impracticable procedure. In some bio-electric amplifiers the combination of shielding and comparatively short time constants will keep the valves free from blocking, but obviously this introduces distortion when the amplifier has to deal with comparatively slow electrical changes.
We have therefore used, throughout the whole amplifier, a system of resistancecondenser filters, six stages in all. The diagram ( fig. 6 ) shows two stages of this filter, one in the grid circuit and the other in the anode circuit of the valve. On the left are shown a series of electrocardiograms, all taken at the same sitting and with our first experimental amplifier. This amplifier was fairly carefully shielded, and the curves were taken in a shielded, earthed room, in which was the apparatus, FiG. 6. patient and observer. The curves show, from above downwards, the effect of removing stages of the filter, as follows. The top curve shows the complete filter in situ. In the next all the filter is removed from both the grid and anode circuits of the first and last valves, leaving the filter of the second valve only in situ. In the third curve the whole filter except that of the anode circuit of the second valve has been removed. The low'est curve shows the whole filter removed. It will be observed how the electrocardiogram becomes successively more and more ragged as the filter is removed. Perhaps the greatest practical advantage of this filter is that no screening of the amplifier is necessary and that screened leads from the patient to the amplifier are unnecessary. In the Cardiograph equipment screened leads are given principally because the tubing used makes them more durable and practical.
(3).-The frequency characteristic of the amplifier.-The filter cuts off all higher frequencies arriving at the input end of the amplifier, but its values have been arranged so that there is no cut-off at frequencies which are, important in electro-cardiography. The highest of these is the QRS complex, which occupies about one-tenth of a second (and certainly not less than one-twentieth of a second). Fig. 7 shows the frequency characteristic of the amplifier, as calculated by Mr. Bedford. It will be seen that it is flat from 0x2 to 30 cycles per second, which includes all those frequencies necessary for undistorted amplification of the electrocardiogram. So that, in summary, as far as the slow-moving parts of the electrocardiogram, as typified by the T wave, are concerned, we are able to produce distortionless amplification by means of long coupling time constants; and the use of such long time constants is made possible by the filter arrangement, which, however, does not cut off too low to distort the quicker moving parts of the electrocardiogram, as typified by the QRS complex.
(4).-The calibration feature.-The calibration feature of the amplifier has been designed so that exactly one millivolt is injected, in the form of a short pulse, at the input of the amplifier, when, and as desired, by flicking up and down a key. This calibration device must of its nature be absolutely accurate, and is arranged in the following manner. A resistance network, totalling 2,000 ohms, is put across the 2.0 volt accumulator which heats the valve filaments. Provided, therefore, that this accumulator is not run down, the current passing through this resistance network must be 1.0 milliampere. Part of the resistance network is a resistance of accurately 1 ohm, through which the passage of 1 milliamp6re will give 1 millivolt potential difference between its ends. In flicking up and down the calibration key a quick make and break of the key throws this one millivolt for an instant across the input of the amplifier, by short circuiting and immediately open circuiting a part of the resistance network. By arranging that about 10 ohms of the resistance network are included in the key circuit, small variations of resistance of the key are of no account, so that there is no error in the calibration from this source. One further point should be emphasized in connexion with the amplifier. As pointed out by Groedel (1931) [16] , the valve amplifying electrocardiograph gives a truer picture of the electrical changes occurring in the heart muscle than is given by any current recording instrument with a comparatively low resistance (the string of the string galvanometer has usually a resistance of about 3,000 ohms). The reason for this is that the input impedance of the valve is nearly infinite at the frequencies which make up the electrocardiogram, so that the output of the amplifier, if itself without distortion, is a true picture of the voltage variations occurring across the body and arising from the heart's action. An important practical outcome of this infinitely high input impedance is that the use of non-polarizable electrodes is unnecessary, because, if the resistance is infinitely high, the amount of current which flows is infinitely small, and therefore the amount of polarization which can occur must be infinitely little. The saving in time and the great practical advantage of simple pads soaked in saline, which are all that is necessary, is immediately evident.
IV.-THE A.C. MAINS "MUSH" NEUTRALIZING DEVICE There is one serious disturbance, which will become increasingly more common in the future with the increase of the " grid " supply of alternating current throughout the country, that is liable to affect the electrocardiogram. This is "pick-up " from alternating current electric mains, usually at 50 cycles, which may occur if the apparatus, or the patient, is near any electric wire connected to such a supply. Obviously it is not difficult to screen the apparatus from this source E D Fia. 8 of interference. On the other hand, it is not easy, and certainly not practical, to screen the patient effectively. Further, if the filter arrangement, described in the previous section, is made to cut off at a frequency below 50 cycles there must inevitably be distortion of the electrocardiogram. Therefore some other arrangement has to be contrived if this source of interference is to be satisfactorily circumvented. Alternating current electricity is a sine wave of 50 cycles, as represented by the continuous line in the upper diagram of fig. 8 . A cycle, which occupies 1/50th of a second, is represented by the curve from A to B. The curve from A to C represents an " alternation." If now we could arrange a sine wave voltage exactly equal and opposite to this interfering voltage, the resultant voltage at any instant of time would be zero, as represented by the straight base line, and the interference would be completely neutralized. It is further necessary that this neutralizing sine wave shall be exactly in anti-phase to the original interfering voltage. If it lags behind, as shown in the lower diagram, by an amount represented by the distance D E, the resultant voltage is no longer zero, but is represented by a sine curve of the same frequency but smaller in amplitude than the original interfering voltage. It is therefore necessary to give a phase control to the neutralizing voltage, so that its peaks may lie exactly opposite those of the interfering voltage. We have been able to arrange these matters in the " mains eliminator " which is used when the apparatus is worked from A.C. mains, and that it is efficacious is shown in fig. 9 . It is very striking to see the way in which considerable mush fades away on manipulating the controls and leaves the clean picture of the electrocardiogram. It should be pointed out that the use of this device does not in any way distort the electrocardiogram, since it is in no sense a filter; for even if a component of the electrocardiogram which happened to be at 50 cycles arrived at the amplifier, it would overbalance the neutralizing voltage by just its true amount, and would still remain undistorted. It is perfectly feasible to focus an ordinary plate camera on the end of the oscillograph tube and to take one traverse of the spot, as it appears for visual observation-opening the shutter at the beginning, and closing it at the end, of the traverse of the spot. But if, as appears desirable, the photographic record of the electrocardiogram is to be accurately calibrated, there are a number of objections to the above practice. Some of these are the following:-(i) As explained in Section II, the movement of the spot across the screen, although nearly linear in time, is not quite strictly so.
(ii) Owing to the curvature of the end of the oscillograph tube it is difficult to get an accurately focused image of the spot over the whole length of its traverse.
(iii) As the length of this traverse is about 5 in., a considerably longer focus lens would be necessary, and consequently the camera unit would have to be longer and less neat than it is.
(iv) The length of record obtainable by a single sweep of the spot, although adequate for the study of some heart conditions, would not be long enough for a considerable number of others.
(v) It would require a deal of extra apparatus to obtain a reliable time indication in working by this method, whereas this is easily obtained by using moving film, as shown below. An attempt was made in the earlier experiments to rule the end of the oscillograph tube with a scale, and to time the traverse of the spot over this scale with a stop watch, setting the "velocity " control to give an exact speed of traverse. One major objection to this practice is the following. The sensitivity of different oscillograph tubes may vary considerably-by as much as 10 or 15%. So that, assuming a certain tube gives, with a particular Neon discharge tube, a length of X sweep just less than the diameter of the fluorescent screen, it would be possible to time the traverse of the spot satisfactorily with this tube. But if this tube is replaced by one which is more sensitive, giving a greater sweep of the spot for the same voltage variations of its Px deflecting plates, then the length of the X sweep 94d will exceed the diameter of the fluorescent screen, and it will therefore be impossible to time its traverse with any accuracy.
The camera unit has therefore been designed to work with moving film and with the spot stationary in the horizontal, or X, direction, so that the movements of the spot become strictly comparable to the movements of the string in the case of the string galvanometer. The camera is arranged to give an exact 2: 1 reduction of the size of the movement of the spot, which comes automatically into correct focus on the film. A spy tube is provided and is arranged so that what is apparent to the observer's eye is also recorded on the film. The film used is standard (35 mm.) cinema film or paper (procurable anywhere), which is obtainable in convenient length in the form of the Leica daylight loading capsule, which holds 54 ins. of film, sufficient for a continuous run of just over one minute.' Or similar reloadable (1-0 cm. = 1.0 mV., 2.0 cm. = 1.0 sec.). capsules, to hold film or paper, can be obtained if desired. The film is moved by means of a specially designed clockwork motor, whose governor is set to allow a motion of film of precisely 2-0 cm. per second. The film is wound on to a drum (2 ins. in diameter) inside which is coiled the motor spring. It is calculated that the error introduced by reason of increase of the diameter of this drum carrying successive layers of film is less than 2%. When the film is completely run through it is rewound into its light-tight capsule. The operation of rewinding the film also rewinds the motor spring ready for the next run, and automatically ensures that it is at correct tension. The use of a time marker is dispensed with, and time indications are obtained by means of a comparator, which is found to give a very satisfactory time indication, measurable to 1/100th of a second. The only disadvantage of this procedure is that variation of speed of the record is not possible, but, as the cathode ray oscillograph gives a clearer picture than the string galvanometer, this disadvantage is more apparent than real, and seems to us to be more than off-set by the saving in extra apparatus which a special time marker would involve. It must be realized that any simple time marker such as a vibrating reed, or a method of periodically quenching the oscillograph spot, would give rise to an objectionable form of time marking, as the instrument is a light recording one-, as opposed to the shadow recording of the string galvanometer. The electrocardiogram would therefore appear as a piebald black line on a white field in the negative, or vice versa in a print. It would be necessary to have a positive scheme of time marking with an extra source of light. We considered, therefore, that provided the clockwork motor which moves the film is really accurately governed, the comparator method adopted would give a perfectly adequate time marking. That the clockwork motor does move the film uniformly is proved by a slide [demonstrated], which shows a" saw-tooth " voltage of precisely 10 cycles per second, taken at the beginning and at the end of a complete (54 in.) run of film. The mean error is 1'68%, and the speed of running is uniform.
The moving film method of recording does not preclude the simultaneous visual observation of the electrocardiogram, since it is easy to stop the "time base " on one oscillograph (by short-circuiting its X plates to gun) while allowing it to function on another tube, run in parallel from the same amplifier unit. For this purpose two sockets are provided at the amplifier unit for connexion to recorder units, and a switch for stopping the time base is arranged to function for one only of these two sockets. The only disadvantage of recording while the time base is working is that there is, at intervals determined by the setting of its control, a small displacement of the curve each time that the discharge occurs across the Neon tube. As it has been found impossible entirely to eliminate this displacement of the spot, it has been arranged that the effect shall be deliberately exaggerated, so that no possibility can exist of its being confused with the electrocardiogram. The spot is arranged to fly right off the picture, and this it does so quickly that it does not register on the film, so that the nett effect is seen as a small interruption of the electrocardiogram. When photographic recording is done without simultaneous visual observation, the time base is best switched off entirely, so that not even this occasional interruption can disturb the electrocardiogram; a switch for this purpose is made integral with the time-base speed control resistance.
